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^ (57) Abstract: A curable siiicone^composition comprising: (A) an oigamwlysiloxane that is represented by the average unit 
\^ formula: (R 3SiOio),(R 2SiOjn)fc{R Si03jii)c(Si04/j)d (wherein r\ R^ and R are each independently selected from substituted or 
O onsubstitoted monovalent hydrocarbon groups and epoxy-funclional monovalent organic groups, with the proviso thai al least 20 
O moIe% of R are aryl groups, and a, b, c, and d are numbers that satisfy 0 < a < 0.8, 0 b < 0.8, 0.2 < c < 0.9, 0 < d < 0.8. and 
<^ a + b -I- c + d = 1), and that has at least two of the aforementioned epoxy-functional monovalent organic groups in each molecule; 
Q (B) a compound that has a group capable of reacting with the epoxy group; (C) a care accelerator, and (D) a (hermalJy conductive 

filler, has excellent handling characteristics and that cures rapidly to give a cured product that is highly thermally conductive, very 

flexible, highly adhesive, and very flame retardant. 
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DESCRIPTION 

CURABLE SILICONE COMPOSITION AND CURED PRODUCT THEREFROM 
Teohnical Field 

. [0001] The present invention relates to a cisrable silicone oomposition and to a cured 
5 product thereftom. The present invention more particularly relates to a curable silicone 
composition that excellent handling characteristics and that cures rapidly to give a 
cured product that is highly . thermally conductive, very flexiblej highly adhesive, and very 
flame retardant. The present invention also more particularly relates to a cured product that 
is highly thermally conductive, very flexible, and very flame retardant. 

10 Background Art 

[0002] There have been investigations into the incorporation of thermally conductive 
filler into the curable epoxy resin compositions used as sealants and adhesives for 
electrical/electronic components and into the utilization of the resulting compositions as 
adhesives for bonding a heat source, such as a semiconductor chip, to a heat sink member. 

1 5 The cured products from such compositions, however, have had a high modulus and have 
been stiff, which has quite readily resulted in the generation of large stresses on the 
electrical/electronic component, such as a semiconductor chip, due to thermal exp^sion of 
the cured material. This has resulted in problems such as warping of the 
electrical/electronic oomponeirt or substrate, the appearance of cracks in the cured product 

20 itself, the generation of gaps between the electrical/electronic component and the cured 
product, and even in failure of the electrical/electronic component. Moreover, while this 
cured product needs to be flame retardant, the flame retardancy has been inadequate. 
[0003] In order to reduce the stress associated with the cured product, die-attach pastes 
comprising epoxy resm and the ruction product of cyanate resin with an epoxy-functional 

25 dimethylsiloxane compound (refer to Japanese Laid-Open (Unexamined) Patent 

Application Numbers Hei 10-147764 (147,764/1998) and Hei 10-163232 (163,232/1998)) 
and die-bonding agents comprisiag the reaction product of epoxy-functional silicone oil 
and a phenolic organic compound (refer to Japanese Laid-Open (Unexamined) Patent 
Application Numbers Hei 7-22441 (22,441/1995), Hei 7-118365 (118,365/1995), and Hei 

3D 1 0-130465 (1 30,465/1 998)) have been introduced. However, the cured products afforded 
"by these inaterials are still stiff and the stress-reducing effect is inadequate. 
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[0004] In another vein, curable silicone compositions provide cured products that have 
excellent electrical characteristics, e.g., dielectric characteristics, volumetric resistivity, and 
dielectric breakdown strength, and for this reason are used as sealants and adhesives for 
electrical/electronic components. However, they yield cured products that are, 
5 conversely, soft and that have a low mechanical strengfli and a low moduhis, and this has 
resulted in a poor capacity to protect electrical/electronic components, that is, a poor 
perfonnance with regard to protecting electrical/electronic components from external 
impact or shock. In addition, these cured products, because they exhibit low adhesiveness 
for electrical/electronic components, have been associated with the facile generation of 

1 0 gaps between the cured product and these components. Wliile there have been attempts at 
improving the modulus and mechanical strength of the cured product by incorporating 
filler into the curable silicone composition, this results in a loss of the softness and 
flexibility. The generation of thermal conductivity through the incorporation of metal 
powder (e.g,, silver, copper, and so forth) into curable silicone compositions has been 

1 5 studied, but this approach results in a low flame retardaaicy by the cured material thereby 
afforded. 

[00 05] Japanese Laid-Open (Unexamined) Patent Application Number Hei 6-3 06084 
(306,084/1994) discloses a curable silicone composition that has a short gelation time; this 
curable silicone composition comprises epoxy-modified silicone oil and phenol-modified 
20 silicone oil. This curable silicone composition, however, exhibits a poor curability and 
requires a lengthy period of heating for cm-e. In addition, it generates a very brittle cured 
product. 

[0006] It is an object of the present invention to provide a curable silicone composition 
that has excellent handling characteristics and that cures rapidly to give a cured product 
25 that is highly thermally conductive, very flejdble, highly adhesive, and very flame 

retardant. It is a fiirther object of the present invention is to provide a cured product that is 
highly thennally conductive, very flexible, and very flame retardant. 

Disclosure of Invention 

[0007] The curable silicone composition of the present invention comprises: 
30 (A) an organopolysiloxane that is represented by the average unit formula: 
(Ri3SiOi/z)a(R^2SiOM)b(R^Si03/2)o(Si04/2)d 
. (wherein and R^ are each independently selected from substituted or 

unsubstituted monovalent hydrocarbon groups and epoxy-fiinctional monovalent 
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organic groups, with the proviso that at least 20 mole% of are aiyl groups, and a, b, c, 
and d are numbers that satisfy 0 < a < 0.8, 0 :< b < 0.8, 0.2 ^ c < 0.9, 0 :< d < 0.8, and a 
+ b + c + d=l), 

and that has at least two of the aforementioned epoxy-fiinctional monovalent organic 
5 groups in each molecule; 

(B) a compound that has a group capable of reacting with the epoxy group; 

(C) a cure accelerator; and 

(D) a fliermally conductive filler. 

[0008] The cured product of the present invention is characteristically afforded by cure 
10 of the composition described above. 

Effects of Invention 

[0009] The curable silicone composition of the present invention characteristically has 
excellent handling characteristics and cures rapidly to give a cured product that is highly 
thermally conductive, very flexible, highly adhesive, and very flame retardant. The cured 
1 5 product of the present itiventioh is characterized by aft excellent thermal conductivity, an 
excellent flexibility, and an excellent flame retardaricy. 

Detailed Description of the Invention 

[00101 The curable silicone composition of the present invention will be described in 
detail first. 

20 [001 1] Component (A), which is a main component of the composition, is 
organopolysiloxane represented by the average unit formula: 

(R'3SiOi/2)a(R\Si02/2)b(R^Si03/2)o(Si04^)d . 

R\ R^, and in this formula are each independently selected from substituted or 
unsubstituted monovalent hydrocarbon groups and epoxy-functional monovalent organic 

25 groups. The subject monovalent hydrocarbon groups can be exemplified by alkyl groups 
such as methyl, ethyl, propyl, butyl, pentyl, and so forth; alkenyl groups such as vinyl, 
allyl, butenyl, pentenyl, hexenyl, and so forth; aryl groups such as phenyl, tolyl, xylyl, and 
so forth; aralkyl groups such as benzyl, phenethyl, and so forth; and halogenated alkyl 
groups such as chloromethyl, 3,3,3-trifluoropropyl, and so forth. Alkyl groups and aryl 

30 groups are preferred, and methyl and phenyl are particularly preferred. The epoxy- 

ftinctional monovalent organic groups can be exemplified by glycidoxyalkyl groups such 
as 2-glycidoxyefhyl, 3-glycidoxypropyl, 4-glycidoxybutyl, and so forth; 
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epoxycycloalkylalkyl groups such as 2-(3,4-epoxycyclohexyl)ethyl, 3-(3,4- 

epoxycyclohexyl)propyl, 2-(3,4-«poxy-3-methylcyclohexyI)-2-methylefthyl, and so forth; 

and oxiraaylalkyl groups such as 4-oxiranyibutyl, 8-oxiranyloctyl, and so forth. 

Glycidoxyalkyl gcoxaps and epoxycycloalkylalkyl groups are preferred, and 3- 
5 glycidoxypropyl and 2-C3,4-epoxycyclohexyl)ethyl are particularly preferred. 

[0012] At least 20 mol% of the in the preceding formula must be aryl groups, and 

preferably at least 50 mol% and particularly preferably at least 80 mol% are aryl groups. 

Problems such as a decline in the compatibility with component (B), a decline in the 

adhesiveness of the resulting composition, and a decline in the mechanical strength of the 
1 0 ultimately obtained cured product occur when the proportion of aryl groups in is below 

the lower limit of the given range. Phenyl is particularly preferred for the aryl groups 

encompassed by R^. 

[0013] a, b, c, and d in the preceding formula are numbers that satisfy llie following: 0 
< a < 0.8, 0 < b < 0.8, 0.2 < c < 0.9, 0 < d < 0.8, anda + b + c + d= l. a is a number that 

1 5 represents the proportion of the sSiO m siloxane unit in component (A) . When 

component (A) is composed of only the R^SiOac siloxane unit, its viscosity becomes 
elevated and the handling characteristics of the resulting composition deteriorate, and for 
this reason a is a number preferably satisfying 0 < a < 0.8 and more preferably 0.3 < a < 
0.8. b is a number that represents the proportion of the R^2Si02/2 siloxane unit in 

20 component (A) and preferably is a number satisfying 0 :< lb ^ 0.6 because this impedes 
outmigration of component (A) fiom the resulting cured product at suitable molecular 
v^eights and also yields cured product wilh an excellent mechanical strength, c is a 
number that represents the proportion of the R^SiOaya siloxane unit in component (A) and 
is preferably a number satisfying 0.4 ^ c ^ 0.9 because this provides the instant 

25 composition with good handling characteristics and a good adhesiveness and provides the 
cured product therefrom with a good medianical strei^th and a good flexibility, d is a 
number that represents the proportion of the Si04/2 siloxane unit in component (A) and is 
preferably 0 ^ d < 0.2 because this provides the composition with good handling 
characteristics and a good adhesiveness and provides the cured product therefrom with a 

30 good mechanical strength and a good flexibility. 

[0014] Component (A) must have at least two of the aforementioned epoxy-ftinctional 
monovalent organic groups in each molecule. While the content of epoxy-functional 
monovalent organic group in component (A) is not otherwise specifically limited, the 
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epoxy equivalent weight of component (A) (the value afforded by dividing the mass- 
average molecular weight of component (A) by the number of epoxy groups in the 
molecule) is preferably in the range from 100 to 2,000, is more preferably in the range 
from 100 to 1,000, and particularly preferably is in the range from 100 to 700. The 
5 flexibility of the cured product declines when the epoxy equivalent weight is below the 
lower limit on the aforemeaitioned range, while exceeding the upper limit on fWs range 
results in a decline in liie adhesiveness and curability of the resulting composition and in a 
decluie in the mechanical strength of the cured product. Component (A) may be a singje 
organopolysiloxane or a mixture of two or more organopolysiloxanes. The state of 

1 0 component (A) at 25*0 is not critical, and it can be, for example, a liquid or solid. Solid 
component (A) can be mixed to homogeneity witii the other components through the use of 
an organic solvent or by heatmg. Component (A) is preferably a liquid at 25°C because this 
provides a good blendability with the other components and provides good handling 
characteristics. The mass-average molecular weight of component (A) is not critical, but is 

1 5 preferably in the range of 500 to 1 0,000 and particularly preferably is in the range of 750 to 
3,000. 

[0015] The following organopolysiloxanes are examples of component (A), a, b, c, 
and d in these formulas are defmed as above, except that a and b in the following formulas 
are not zero. « and f in these formulas are numbers that satisfy the following conditions; 
20 p.I<e<0.8,0<f <0.2,0.2^e + f^0.9,aad0.2ie/(c + f). X in the following 

formulas represents 3-glycidoxypropyl and Y represents 2-(3,4-epoxycyclohexyl)ethyl. 
[0016] 

CX(CH3)2SiOl«]a[C6HsSi03fl]c 
[Y(CH3)2SiOitt]a[C6H5Si03fi]o 
25 [XCCH3)2SiOi/2],[(CH3)2SiOM]btC6H5Si03/2]c 
[Y(CH3)2SiOi,2]a[(CH3)2Si02fl]btC6H5Si03/2]c 
[XCH3Si02tt]b[C6H5Si03dc 
[YCH3Si02/2]b[C6H5Si03/2]c 
[X(CH3)2SiOl/2].[C6HsSi03y2]e[CH3Si03/23f 

30 [Y(CH3)2SiOia]a[C6H5Si03fl]e[CH3Si03/2]f 

[C6H5Si03y2]ePCSi03/2lf 
[CsH5Si03/2]e[YSi03fi]f 
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[0017] The method for preparing component (A) is not critical and can be exemplified 
by tibie followdng methods: the co-hydrolysis and condensation reaction of 
phenyltrialkoxysilane and alkoxysilane having an epoxy-fimctional monovalent organic 
group, e.g., 3-glycidoxypropyltrimethoxysilane or 2-(3,4- 
5 epoxycyclohexyl)ethyltrimethoxysilane; the alcohol-eliminating condensation reaction of 
the aforementioned alkoxysilane having an epoxy-fimctional monovalent organic group 
with a silanol-ftmctional organopolysiloxane prepared by the hydrolysis and condensation 
of phenyltrichlorosilane or phenyltrialkoxysilane; a hydrosilylation reaction between olefin 
havmg an epoxy-fimctional monovalent organic group and SiH~fonctiona! 

10 organopolysiloxane prepared by co-hydi'olysis and condensation of phenyltrichlorosilane 
or phenyltrialkoxysilane in the presence of an SiH-functional silane such as 
dimethylchlorosilane; an equilibration reaction m the presence of a base catalyst between 
(i) organopolysiloxane prepared by the hydrolysis and condensation of 
phenyltrichlorosilane or phenyltrialkoxysilane and (ii) trimethylsiloxy-endblocked 

1 5 methyl(3 -glycidoxypropyl)siloxane-dimethylsiloxaae copolymer or trimethylsiloxy- 
endblocked methyl {2-(3,4-epoxycyclohexyl)ethyl}siloxane-dimethylailoxane copolymer; 
an equilibration reaction in the presence of a base catalyst between organopolysiloxane 
comprising the CgHsSiOstt siloxane unit and cyclic methyl(3-glycidoxypropyl)siloxane or 
cyclic methyl{2-(3,4-epoxycyclohexyl)ethyl}siloxane; and an eqmlibration reaction in the 

20 presence of an acid or base catalyst among organopolysiloxane comprising the CeHsSiCb/a 
siloxane unit and cyclic methyl(3-glycidoxyprcpyl)siloxane or cyclic methyl {2-(3, 4- 
epoxycyclohexyl)ethyl}siloxane and cyclic dimethylsiloxane. 

[0018] Component (B), which is a compound that contains a group capable of reacting 
wilh the epoxy gtoxxp, reacts with the epoxy groups in component (A) to bring about curing 

25 of the composition. This group capable of reacting with the epoxy group can be 
exempHfied by the primary amino group, secondary amino group, hydroxyl group, 
phenolic hydroxyl group, carboxylic acid group, acid anhydride group, mercapto group, 
and silanol group. The phenolic hydroxyl group is preferred from the standpoint of 
reactivity and pot hfe. Component (B) can be specifically exemplified by phenol 

30 compovinds such as phenol-novolac resins, cresol-novolac resins, bisphenol A compounds, 
and so forth, and by phenolic hydroxyl-functional organosiloxanes. Phenolic hydroxyl- 
fiinctional orgauosUoxanes are preferred, and organosiloxane containing at least two 
phenolic hydroxyl groups in each molecule is particularly preferred. The phenol equivalent 
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weight of component (B) (the value afforded by dividing the mass-average molecular 
weight of component (B) by the number of phenolic hydroxyls in a single molecule) is 
preferably not more than 1 ,000 and particularly preferably is not more than 500 for the 
high reactivity. 

5 [0019] , The phenolic hydroxyl-ftinctional organosiloxane encompassed by component 
(B) is preferably organosiloxane with the general formula: 

R'*3SiO(R'*2Sib)mSiR'*3 , 
because this can improve the flexibility of the cured product from the composition. Each 
R"^ in this formula is independently selected from substituted or unsubstituted monovalent 

10 hydrocarbon groups and phenolic hydtoxyl-functional monovalent organic groups. This 
monovalent hydrocarbon groups can be exemplified by the same groups as provided 
above, and preferably is aUcyl groups or.aryl groups and particularly preferably is methyl 
or phenyl. The phenolic hydroxyl-functional organic groups can be exemplified by the 
groups presented below. At least two of the R** in each molecule are phenolic hydroxyl- 

15 functional organic groups. R* in the structures is a divalent organic group and can be 

specifically exemplified by alkylene groups such as ethylene, methylethylene, propylene, 
butylene, pentylene, and hexylene; and by alkylenoxyalkylene groups such as 
ethylenoxyethylene, ethylenoxypropylene, ethylenoxybutylene, and 
propylenoxypropylene, wherein alkylene groups are preferred and propylene is particularly 

20 preferred. 
[0020] 



25 
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[0021] m in the preceding formula is an integer frdm 0 to 1 ,000 and preferably is an 
5 integer fix>m 0 to 100 and particularly preferably is an integer from 0 to 20. When m 

exceeds the upper limit on this range, the handling characteristics decline, the blendabiUty 
into component (A) declines, and dilution of the resulting composition with, for example, 
organic solvent, may also be necessary. 

[0022] The organosiloxanc encompassed by component (B) can be exemplified by the 
1 0 organosiloxanes provided below, x in the formulas is an integer from 1 to 20 and y is an 
integer from 2 to 10. 
[0023] 
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[0024] The method for preparing component (B) is not crhical and can be exemplified 
by a hydro silylation reaction between an alltenyl-functional phenol compound and SiH- 
functional organopolysiloxane. 
5 [0025] The state of component (B) at 25°C is not critical and component (B) can be a 
liquid or solid; however, it is preferably a liquid for the ease of handling this provides. 
When component (B) is a liquid at 25°C, its viscosity is preferably in the range of 1 to 
1 ,000,000 mPa-s and particularly piefei ably is in the range of 1 0 to 5,000 mPa-s. The 
mechanical strength of the cured product declines when the viscosity at 25°C falls below 
1 0 the lower limit on the aforementioned range, while the Handling characteristics of the 
resulting composition decline when the upper limit on the aforementioned range is 
exceeded. 

[0026] The content of component (B) is not specifically limited, but is preferably 0.1 
to 500 parts by mass and particularly preferably is 0. 1 to 200 parts by mass, in each case 

1 5 per 100 parts by mass of component (A). When component (B) contains phenolic 

hydroxyl, component (B) is then used in an amount that provides a molar ratio of phenolic 
hydroxyl in component (B) to total epoxy in the composition of preferably 0.2 to 5, more 
preferably 0.3 to 2.5, and particularly preferably 0.8 to 1.5. It becomes increasingly 
difficult to obtain a thorough cure for the resulting composition when the molar ratio of 

20 phenolic hydroxyl in component (B) to total epoxy in the composition falls below the 
lower limit on the given range, wliile the mechanical properties of the cured product 
decline substantially at above the upper limit on the given range. 

[0027] Component (C) is a cure accelerator that accelerates the reaction between the 
epoxy groups in component (A) and the group in component (B) capable of reacting with 
25 the epoxy group, i.e., the curing reaction of the composition. Component (C) can be 

exemplified by tertiary amine compounds; organometal compounds, e.g., of aluminum or 
zirconium; organophosphorus compoimds such as phosphine; and also by heterocyclic 
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amine compounds, boron complex compounds, organoammomum salts, organosulfonium 
salts, organoperoxides, and reaction products from the preceding. Examples here are 
phosphorus compounds such as triphenylphosphine, tributylphosphine, tri(p- 
mefhylphenyl)phosphine,tri(nonylphenyI)p3iosphine,triphenylphosphine/tri^ 
5 tetraphenylphosphine/tetraphenylborate, and so forth; tertiary amine compounds such as 
triefliylamine, benzyldimethylamine, a~mefhylbenzyldimethylamine, 1,8- 
diazabicyclo[5,4,0]undecene-7, and so forth; and imidazole compounds such as 2- 
methylimidazole, Z-phenylrniidazole, 2-phenyl-4-methylimida2ole, and so forth. The use 
of an encapsulated cure accelerator is preferred because this enables a lengthening of the 
1 0 composition' s use time. A commercially available encapsulated cure accelerator is 
encapsulated amine-type cure accelerator comprising an amine-type cure accelerator 
incorporated in bisphenol A-type epoxy resin (for example, HX-3088 from Asahi Kasei 
Corporation). 

[O028] The content of component (C) is not specifically limited, but preferably is no 

1 5 more than 50 parts by mass, more preferably is 0.01 to 50 parts by mass, and particularly 
preferably is 0.1 to 5 parts by mass, in each case per 100 parts by mass of component (A). 
It becomes increasingly difficult to obtain a thorough cure for the resulting composition 
when the content of component (C) falls below the lower Imiit on the given range, while 
the mechanical properties of the cured product decline substantially at above the upper 

20 limit on the given range. 

[0029] Componient (D) is a thermally conductive filler that imparts thermal 
conductivity and flame retardancy to the cured product from the composition. Component 
(D) can be exemplified by the vesry finely divided powders of metals such as gold, silver, 
nickel, copper, and so forth; very finely divided powders afforded by the vapor deposition 

25 or plating of a metal, e.g., gold, silver, nickel, copper, and so forth, on the surface of a very 
finely divided powder of, e.g., ceramic, glass, quartz, organic resin, and so forth; metal 
compounds such as aluminum oxide, aluminum nitride, zinc oxide, and so forth; and 
mixtures of two or more of the preceding. Metal powders are preferred for the high thermal 
conductivity they provide. The metal powders can be exemplified by the powders of gold, 

30 silver, copper, aluminum, nickel, palladium, and their alloys, and also by the powders of 
brass, shape-memory alloys, solder, arid mixtures of two or more of the preceding. Silver 
powder is particularly preferred for the good thermal conductivity, electrical conductivity, 
and blendability it provides. Its shape is not critical and can be exempUfied by ground 
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shapes, spheres, fibrous shapes, columns, flakes, scales, plates, and coils. The particle size 
is also not critical, but the maximum particle size is generally no more than 200 \xm and 
the average particle size is preferably in the range from 0.001 to 50 \im. Combinations of 
two or more types of silver powder can also be used. 
5 [0030] The content of component (D) is not critical; however, in order to avoid a loss 
of fluidity by the composition, the content of component (D) is preferably in the range of 
1 00 to 5,000 parts by mass , more preferably in the range of 500 to 5,000 parts by mass, 
and particularly preferably in the range of 500 to 4,000 parts by mass, in each case per 100 
parts by mass of the total of components (A) and (B). 

10 [0031] The composition may contain a filler (B) other than component (D) in order to ■ 
improve the mechanical strengdi of the cured product afforded by the composition. 
Component (E) can be exemplified by fibrous fillers such as glass fibers, alumina fibers, 
alumina/silica ceramic fibers, boron fibers, zirconia fibers, silicon carbide fibers, metal 
fibers, and so forth; particulate fillers such as fused silica, crystalline silica, precipitated 

1 5 silica, fumed silica, calcined silica, zinc oxide, calcined clay, carbon black, glass beads, 
alumina, talc, calcium carbonate, clay, aluminum hydroxide, magnesium hydroxide, 
barium sulfate, aluminum nitride, boron nitride, silicon carbide, aluminum oxide, 
magnesium oxide, titanium oxide, beryllium oxide, kaolin, mica, zirconia, and so forth; 
and mixtures of two or more of 1he preceding. The average particle size and shape of 

20 component (E) are not critical, but spherical silica with an average particle size of 0. 1 to 40 
Hm is preferred for the excellent moldability this provides. The content of component (E) 
is also not critical, but is preferably no greater than 10 parts by mass and particularly 
preferably is 0.01 to 10 parts by mass, in each case per 100 parts by mags of component 
(A). 

25 [0032] A coupling agent, for example, a silane coupling agent or titanate coupling 
agent, can also be incorporated in order to bring about good dispersion by component (D) 
in component (A) or (B) or their mixture and in order to improve the adhesiveness for 
substrate when the composition undergoes cure. The silane coupling agents can be 
exemplified by epoxy-functional alkoxysilanes such as 3- 

30 giycidoxypropyitrimethoxysilane, 3-glycidoxypropyhnethyldiethoxysilane, 2-(3,4- 

epoxycyclohexyl)ethyltrimethoxysilane, and so forth; amino-functional alkoxysilanes such 
as N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, N- 
phenyl-3-aminopropyltrimefiioxysilane, and so forth; and mercapto-fimctional 
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alkoxysilanes such as 3-mercaptopropyltrimethoxysilane, and so forth. The titanate 
coiq)ling agents can be exemplified by isopropoxytitanium tri(isostearate), and so forth. 
The content of coiiplmg agent is not critical, but is preferably no more tihan 1 0 parte by 
mass and particularly preferably is 0.01 to 10 parts by mass, in each case per 100 parts by 
5 mass of component (A). 

[0033] Other optional components that may be incorporated include alkoxysilanes 
such as tetramefhoxysilane, tetraethoxysilane, dimethyldimethoxysilane, 
methylphenyldimethoxysilane, methylphenyldiethoxysilane,phenyltrimethoxysilane, 
mefhyltrimethoxysilane, methyltriethoxysilane, vinyltrimethoxysilane, 
10 allyltrimefhoxysilane, allyltriethoxysilane, and so forth; and organic solvents such as 
aliphatic solvents, e.g., hexane, heptane, and so fortl^ aromatic solvents, e.g., toluene, 
xylene, and so forth, and ketone solvents, e.g., methyl ethyl ketone, methyl isobutyl 
ketone, and so forth. 

[0034] The composition can be prepared by mixing components (A), (B), (C), and (D) 
15 and as necessary any optional components to homogeneity. The mixing procedure is not 
critical and can be exemplified by shnultaneously mixing components (A), (B), (C), and 
(D) and as necessary any optional components; preraixing components (A) and (B) and 
then blending in components (C) and (D) and as necessary any optional components; and 
premixing componente (A), (B), and (D) and as necessary any optional components and 
20 tiien blending in component (C). The device for mixing components (A), (B), (C), and (D) 
and as necessary any optional components is not critical and can be exemplified by single- 
and twin-shaft continuous mixers, two-roll mills, Ross mixers®, Hobart mixers, dental 
mixers, planetary mixers, and kneader mixers, 

[0035] The composition, because it exhibits good handling characteristics and cures 
25 rapidly^, can be used by such methods as transfer moldmg, mjection moldmg, potting, 

casting, powder coating, immersion coating, dripping, and so forth. Liquids and pastes are 
preferred because this enables selection from a variety of use methods, such as potting, 
screen printing, coating, and so forth; and also supports facile adaptation to low-volume 
applications. 

30 [0036] The cured product of the present invention will now be described in detail. 

[0037] The cured product of the present invention is characteristically afforded by the 
cure of a curable silicone composition as described in the preceding. 
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[003S] This crured prodiact is useful as a heat-radiating material between a 
semiconductor device and a heat sink and as a sealant resin for electrical/electronic 
components. In particular, this cured product, by virtue of its excellent thermal 
conductivity, flexibility, and flame retaidancy, is very usefiil as an adhesive between a 
5 semiconductor device and a heat sink. 

Examples 

[0039] The curable silicone composition and cured product therefrom of the present 
invention will now be described using Practical Examples and Comparative Examples. The 
properties of the curable silicone compositions and cured products were measured by the 
10 following methods. 
Viscosity 

[0040] The viscosity at 25°C was measured at 2.5 rpm usitig an E-type viscometer 
(Digital Viscometer DV-U-E, Model n, &om Tokimec Inc.). 
Mass-averaee molecular weight 
15 [0041] The mass-average molecular weight was measured on a toluene solution of the 
organopolysiloxane using gel permeation chromatographic analysis calibrated with 
polystyrene standards. 
Complex viscoelastic modulus 

[0042] The curable silicone composition was filled into a mold that had a cavity with 
20 dimensions of width 10 mm x length 50 nam x depth 2 mm. After degassing at 70 mmHg, 
press curing was carried out for 60 minutes at 150°C under the pressure of 2.5 MPa, 
Secondary heating in an oven for 2 hours at 1 80'°C then gave the cured product test 
specimen. The complex viscoelastic modulus at 25°C was measured on this test specimen 
using an ARBS Rheometer (product of Rheoraetric Scientific Inc.) at a 0.5% torsion, 
25 oscillation of 1 Hz, and a temperature rise from -50°C to 1 SCC at a rate of temperature 
rise of 3'^C/minute, 
Adhesiveness 

[0043] A solder resist (developable solder resist, PSR-4000 CC02/CA-40 CC02, firom 
Taiyo Ink Mfg. Co., Ltd.) was coated on a bismaleimide/triazine resin (commonly known 
30 as BT resin) substrate, followed by UV drying, exposure, and curmg (1 SCC, 1 hour) to 

yield a solder resist layer (tiiickness = 50 pm) on the BT substrate; this was employed as an ■ 
ddherend. Glass plate, aluminum plate, nickel plate, and copper plate were also evaluated 
as adherends. About I cm^ of the curable silicone composition was coated on each 
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adheread followed by heating in an oven for 2 hours at 125°C and then heating in an oven 
for 2 hours at 1 80°C to give the adhesion evaluation test specimen. The cured product was 
subsequently peeled from the test specimen using a dental spatula and the adhesiveness 
was visually inspected under a micioscope and scored on the foUowuig scale: 
5 + = cohesive failure, 

A = peeling at the interfece with a thin layer remaining, and 

X = peeling at the interface. 

Thermal conductivity of the cured product 

[0044] The thermal conductivity was determined from the relationship between 
1 0 thickness and thermal resistance using a thermal resistance measurement instrument from 
Hitachi. The test specimen was fabricated by heating the curable silicone composition for 2 
hours in an oven at 125°C and then for 2 hours in an oven at..l80°C. 
Flame retardancv 

[0045] A strip-shaped test specimen (thickness 5 mm x width 10 mm x length 50 mm) 
1 5 was fabricated by heating the curable silicone composition in an oven for 2 hours at 125°C 
and then for 2 hours in an oven at 1 80°C. The burning time of the test specimen was 
measured based on the UL94V-0 vertical burning test set out by Underwriters Laboratories 
Inc. 

[Practical Example 1] 

20 [0046] The following were mixed to give a curable silicone composition: 3.5 parts by 
mass of an organopolysiloxane (mass-average molecular weight = 1 ,000, viscosity = 1,290 
mPa s, epoxy equivalent weight = 276) with the followiog average unit formula: 



O 

5.5 parts by mass of an organopolysiloxane (viscosity = 3,050 mPa-s) with the following 
25 formula: 



{CH2-CHCH2-O-CH2CH2CH2(CH3)2SiOi/2}0.6(C6H5SiO3/2)0.4 
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(this amount gave a raolar ratio of phenolic hydroxyl in this component to the total epoxy 
in this composition of 1.0), 1,0 part by mass of an encapsulated amine-type cure 
accelerator comprising bisphenol A-type epoxy resin containing 40 mass% of amine-type 
cure accelerator (HX-3088 from Asahi Kasei Corporation), and 90 parts by mass of silver 
5 flake (product of Fukuda Metal Foil & Powder Co., Ltd., 50% average particle size = 5 to 
15 ^un, apparent density = 2.5 to 4.0 g/cm^). The content of silver flake in this composition 
was 47.4 volume%. This composition was vacuum defoamed and then evaluated for Its 
viscosity, complex viscoelastic modulus, adhesiveness, and flame letardancy by the 
methods described above. The results are reported in Table 1. 
10 [Practical Example 2] 

[0047 J The following were mixed to give a curable silicone composition: 3 .5 parts by 
mass of an organopolysiloxane (mass-average molecular weight = 1,000, viscosity = 1,290 
mPa s, epoxy equivalent weight = 267) with the foUowig average unit formula: 



(this amount gave a molar ratio of phenolic hydroxyl in this component to the total epoxy 
in this composition of 1 .0): 1.0 part by mass of an encapsulated amine-type cure 
20 accelerator comprismg bisphenol A-type epoxy resin containing 40 mass% of amine-type 
cure accelerator (HX-3088 from AsaM Kasei Corporation), and 90 parts by mass of silver 
flake (product of Fukuda Metal Foil &, Powder Co., Ltd., 50% average particle size = 2 to 
1 5 pn, ^parent density = 2.0 to 3.5 g/cm^). The content' of silver flake in this composition 




{CH2^CHCH2-0-CH2CH2CH2(CH3)2SiOi/2}o.6(C6H5Si03/2)o.4 



o 



15 5.5 parts by mass of an organopolysiloxane (viscosity = 3,800 mPa-s) with the following 
fojrmula: 
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was 47.4 volume%. This composition was vacuum defoamed and ttien evaluated for ite 
viscosity, complex viscoelastic modulus, adhesiveness, and flame retardancy by the 
methods described above. The results are reported in Table 1 . 
tComparative Example 1] 
5 10048] The following were mixed to give a curable epoxy composition: 5.0 parts by 
mass of a bisphenol A-type liquid epoxy resin (Epikote 828 from Japan Epoxy Resin Co., 
Ltd., viscosity = 15 mPa s, epoxy equivalent weight 190), 4.0 parts by mass of a liquid 
phenol compound (MEH8000H ftom Meiwa Plastic Industries, Ltd., this amount gave a 
molar ratio of phenolic hydroxy! in this component to the total epoxy in this composition 

10 of 1,0), 1 .0 part by mass of an encapsulated amine-type cure accelerator comprising 

bisphenol A-type epoxy resin containing 40 mass% of amine-type cure accelerator (HX- 
3088 from Asahi Kasei Coiporation), and 90 parts by mass of silver flake (product of 
Fnkuda Metal Foil & Powder Co., Ltd., 50% average particle size = 5 to 15 pm, apparent 
density = 2.5 to 4.0 g/om?). The content of silver flake in this composition was 47.4 

1 5 volumeyo. This composition was vacuum defoamed and then evaluated for its viscosity, 
complex viscoelastic modulus, adhesiveness, and flame retardancy by the methods 
described above. The results are reported in Table 1. 
[Comparative Example 2] 

[0049] The following were mixed to give a cui-able silicone composition: 1 7.0 parts by 
20 mass of an organopolysiloxane (mass-average molecular weight = 1 ,000, viscosity = 1,290 
mPa-s, epoxy equivalent weight - 267) with the following average unit formula: - 



21.0 parts by mass of an organopoiysiloxane (viscosity = 3,800 mPa-s) with the following 



{CH2-CHCH2-O-CH2CH2CH2(CH3)2SiOi/2}0.6(C6H5SiO3/2)t 




)0.4 



o 



formula: 
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CH3 y CH3 

CH2CH2CH2-Si-0 Si-0 — Si— CH2CH2CH2- 






(this amount gave a molar ratio of phenolic hydroxyl in this component to the total epoxy 



in this composition of 1.0): 1 part by mass of 3-glycidoxypropyltrimethoxysiIane, 1.0 part 
by mass of an encapsulated amine-type cxire accelerator comprising bisphenol A-type 
epoxy resin containing 40 mass% of amine-type cure accelerator (HX-3088 from Asahi 
Kasei Corporation), and 60 parts by mass of spherical fused silica powder (Admafine fiom 
Admatechs Co., Ltd., 50% average particle size = 1.3 to 2.0 fjm). The content of silica 
powder in this composition was 57.1 voIume%. This composition was vacuum defbamed 
and then evaluated for its viscosity, complex viscoelastic modulus, adhesiveness, and 
flame retardancy by the methods described above. The results are reported in Table 1 . 
[Comparative Example 3] 

[0050] The following were mixed to give a curable silicone composition: 0.9 parts by 
mass of a dimethyl vinylsiloxy-endblo eked dimethylpolysiloxane with a viscosity of 20 
mPa-s, 6.2 parts by mass of a dimethylvuiylsiloxy-endblocked dimethylpolysiloxane with a 
viscosity of 4 mP-s, 0,8 parts by mass of trimethylsiloxy-endblocked 
methylhydrogensiloxane-dimethylsiloxane copolymer (silicon-bonded hydrogen atom 
content = 0.75 mass%), 90.5 parts by mass of silver flake (product of Fukuda Metal Foil & 
Powder Co., Ltd., 50% average particle size = 5 to 15 pm, apparent density = 2.5 to 4.0 
g/cm^), isopropanolic chloroplatinic acid solution (in an amount giving a platinum 
concentration in this composition of 1 0 ppm), and 1 .0 part by mass of 3- 
glycidoxypropyltrimethoxysilane. The content of silver flake in this composition was 47.4 
volume%. The thermal expansivity and complex viscoelastic modulus were evaluated by 
the methods described above, with the exception that after vacuum defoaming the 
coinposition was cast into a mold and heated for 1 hour in an oven at ISO^C. The 
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adhesiveness and flame retardancy were evaluated by the methods described above. The 
results are reported in Table 1 . 

[Comparative Example 4] 

[0051] The following were mixed to give a cvirable silicone composition: 20.0 parts by 
mass of an organopolysiloxane (mass-average molecular weight = 1,008, viscosity = 1,1 80 
mPa-s, epoxy equivalent weight = 371) with the following formula; 

I /I v/i ■ \ 

CH3- 

CH3 \CH3 



fs-^i-O-hsi-O-j-ii-St^O- 



CHz-CHgCHa- 



.OCH3 



'O-CH2-CH-CH2/ 
O 



-S1-CH3 
CH3 



18.0 parts by mass of an organopolysiloxane (viscosity = 840 mPa s) with the following 
formula: 



CH3 

;i-o- 



OH 

(this amount gave a molar ratio of phenolic hydroxyl in this component to the total epoxy 
in this composition of 1 .0): 1 .0 part by mass of an encapsulated amine-type cure 
accelerator comprising bisphenol A-type epoxy resin containing 40 mass% of amine-type 
cure accelerator (HX-3088 from Asahi Kasei Corporation), and 60.0 parts by mass of 
spherical noncrystalline silica (Admafme from Admatechs Co., Ltd., 50% average particle 
size = 1.5 \xm). Tbs content of silica powder in this composition was 57. 1 volume%. This 
composition was vacuum defoamed and then evaluated for its viscosity, complex 
viscoelastic modulus, adhesiveness, and flame retardancy by the methods described above. 
The results are reported ia Table 1. 



wo 2006/118334 



PCT/JP2006/309218 



20 

[00S2] 

Table 1 



Example No. 


Practical Examples 


Cmparative Eamples 




Pr. Ex. 1 


Pr. Ex. 2 


Comp. 


Comp. 


Comp. 


Comp. 


Properties 






Ex. 1 


Ex. 2 


Ex.3 


Ex.4 


Viscosity (Pa-s) 


450 


500 


> 1,000 


200 


■ 30 


30 


Complex modulus 
(MPa) 


500 


500 


3,000 


100 


10 


60 


Adhesiveness 














Solder resist 




+ 


+ 


+ 




+ 


Nickel 


+ 


+ 


+ 


+ 




+ 


Copper 




•f 


+ 


+ 




+ 


Aluminum 


+ 


+ 




+ 


+ 


+ 


Glass 


+ 


+ 


+ 


+ 


+ 


+ 


Burning time (sec.) 


2 


3 


entirely 
burned 


entirely 
burned 


entirely 
burned 


entirely 
burned 


Thermal conductivity 
CC/W) 


4.0 


4.0 


4.0 


<0.5 


2.5 


<0.5 



Industrial Applicability 

5 [0053] The curable silicone composition of the present invention, because it exhibits 
good handling characteristics, can be used by such methods as transfer molding, injection 
moidmg, potting, casting, powder coating, immersion coating, dripping, and so forth, In 
addition, because the composition cures rapidly, a shorter heating time or a lower 
thermosetting temperature can be used in its molding process and the intemal stresses 
10 caused by thermal expansion in the molding process can thereby be reduced. This can 
prevent component damage when the composition is used as a protective material for 
small, fiagile components and can provide tight adhesion with substrate. Moreover, the 
composition, because it exhibits good adhesion to difficult-to-adhere substrates such as 
solder resists, nickel, and copper, is useful, for example, as a sealant, casting agent, coating 
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agent, and adhesive for electrical/electronic components. In particular, cured product 
provided by the cure of the composition, because it has an excellent thermal conductivity, 
flexibility, and flame retardancy, is very useful as an adhesive between semiconductor 
devices and heat sinks. 
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CLAIMS 

I . A curable silicone composition comprising: 

(A) an orgaaopolysiloxane that is represented by the average unit formula: 

(R'3SiOl/2)a(R'2Si02/2)b(R'Si03/2)o(Si04/2)d 

5 (wherein r', R^, and are each independently selected from substituted or 

unsubstituted monovalent hydrocarbon groups and epoxy-Jxtnctional monovalent 
organic groups, with the proviso that at least 20 mole% of are aryl groups, and 
a, b, c, and d are numbers that satisfy 0 < a ^ 0.8, O^hS. 0.8, 0.2 :< c < 0.9, 0 < d 
<0.8,anda + b + c + d = l), 
1 0 and that has at least two of the aforementioned epoxy-fonctional monovalent 

organic groups in each molecule; 

(B) a compound that has a group capable of reacting with the epoxy group; 

(C) a cure accelerator; and 

(D) a thermally conductive filler. 

15 2. The curable silicone composition according to Claim 1 , wherein the epoxy- 

functional monovalent organic group in component (A) is a glycidoxyalkyl group, 
epoxyoycloalkylalkyl group, or oxiranylalkyl group. 

3 . The curable silicone composition according to Claim 1 , wherein the group in 
component (B) that is capable of reacting with the epoxy group is a phenolic hydroxyl 

20 group. 

4. The curable silicone composition according to Claim 3, wherein component (B) is 
an organosiloxane that contains at least two phenolic hydroxyl groups in each 
molecule. 

5. The curable silicone composition according to Claim 4, vtoein component (B) is 
25 an organosiloxane represented by the general formula: 

R*3SiO(R*2SiO)mSiR*3 " 
(wherein each R'* is independently selected from substituted or unsubstituted 
monovalent hydrocarbon groups and phenolic hydroxyl-ftmctional monovalent 
organic groups, with the proviso that at least two of the groups R"* in the molecule are 
30 said phenolic hydroxyl-fimctional monovalent organic groups, and m is an integer 

from 0 to I'.OOO). 
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6. The curable silicone composition according to Claim 1, wherein the content of 
component (B) is 0. 1 to 500 parts by me^s per 1 00 parts by mass of component (A). 

7. The curable silicone composition according to Claim 1, wherein component (C) is 
an encapsulated amine-type cure accelerator. 

8. The curable silicone composition according to Claim 1, wherein the content of 
component (C) is 0.01 to 50 parts by mass per 100 parts by mass of component (A). 

9. The curable silicone composition according to Claim 1, wherein component (D) is 
silver powder. 

10. The curable silicone composition according to Claim 1, wherein the content of 
component (D) is 100 to 5,000 parts by mass per 100 parts by mass of the total of 
components (A) and (B). 

1 1 . The curable silicone composition according to Claim 1, that additionally contains a 
filler (E) other than component (D). 

12. A cured product obtained by tiie cure of a curable silicone composition according 
to any of Claims 1 to 11 . 
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